Through an examination of the Bohm-Aharonov experiment an intrinsic and complete description of electromagnetism in a space-time region is formulated in terms of a nonintegrable phase factor. This concept, in its global ramifications, is studied through an examination of Dirac s magnetic monopole field.
I. MOTIVATION AND INTRODUCTION
The concept of the electromagnetic field was conceived by Faraday and Maxwell to describe electromagnetic effects in a space-time region.
According to this eoneept, the field strenght f " describes electromagnetism.
It was later real- 
and not the phase (1), is physically meaningful. In other words, the phase (1) contains more information than the phase factor (2 
To define the phase factor for a path we refer to Fig. 2 , where a point in the overlapping region, such as point P, is regarded as two points P, and P, . If apath is entirelywithin regiona or b, we define C along the path by (7) Figure 3 (a).
One could extend the region b. One could also contract it, provided the whole R remain covered.
One could create a new region by considering a subregion of b as an additional region R, [Figure 3(b) ], and define the gauge transformation connecting them as the identity transformation so that (A ), = (A )". One can then "elevate" R, and contract R"which results in Fig. 3 (c). 
In an overlap between regions a and b this interpolating vector potential assumes values (A, ), '"' and (A "), '"' which (10) and (12) S"=exp(-2/X, ),
where A" is given in the two regions (10) by (11).
In the overlapping region, transformation factor S of (12) 
where A" is given by (11) Summarizing the situation for U"SU"and SO, we find that in each case the "magnetic" monopole fields have quantized strengths. They belong to, respectively, infinitely many types for U, gauge group (electromagnetism), one type for the SU, gauge group, and two types for SO, gauge groups.
The physical meaning of these statements are as follows. In the SU, case, all magnetic monopole fields can be continuously changed into each other by the process of continuous changes' of "electric" sources. For example, starting with the "magnetic monopole" field for 9, of Theorem 9 we can, by a gauge transformation, obtain the potentials b' [on Qo] given in (40). We can then consider the potential (on 9,): b" = nb, where 0~n~1. The gauge field for b" is no longer electrically sourceless outside of the origin, but is magnetically sourceless except at the orgin, where it is not sourceless either magnetically or electrically. As n changes from 1 to 0 we thus have a continuous change of the original magnetic monopole field to empty space through a process during which there are continuous changes of electric charger= 1, 8=fixed, /=0-2m.
(45) As 8 changes from 0 to g the phase factor of the loop changes and it describes a, continuous circuit (in the space of the group) starting from and ending at the identity element. Clearly any other way of "looping" over the sphere only leads to a distortion of this circuit, without changing the starting and ending point. We shall call this circuit the total circuit for the gauge field around the origin r =0. It 
At 8= «/2, the left-hand sides of (48) and (49) match because of (47). Also the right-hand sides match. Thus we can take (48) and (49) 
Now Ss = S"(Q = 4v -48). As 8 = m/2 -7&, Ss = S"(&t) for Q = 2v -0. Substitution into (53) leads to (46).
To complete the proof of Theorem 11 we need the generalization of (46) Fig. 7(a) , (46) 
For the case that 9 has four regions «, , 5, c,d as illustrated in Fig. 7(b) , (46) should be replaced by total circuit of gauge field =[S~,(x) for x=A-B, followed by S", (y)S"(x) for x=B-C, y =B-D, followed by S~,(D)S,~(x)S"(C) for x =D-C, followed by S~,(y)S"(x) for x=C-E, y =D-E, followed by S", (x) for x=E-A]. Notice that the right-hand sides of (54) and (55) are dependent only on the gauge type, and not on the specific gauge field. 
